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Abstract
The absorption cross section of rotating black holes in
the Randall-Sundrum brane-world scenario for mass-
less scalar waves is obtained via the partial-wave
method. A variety of incidence directions with respect
to the black hole rotation axis is considered. Special at-
tention is given to near-extreme black holes, in which
cases the absorption cross section increases as the tidal
charge becomes more negative. It is shown that black
holes with different configurations can present capture
cross sections/shadows of same size. However, in such
cases, the absorption spectra are different mainly for
small frequencies. Numeric results are compared with
the capture cross sections in the high-frequency limit,
and with the black hole area in the low-frequency limit
showing good agreement.
1 Introduction
General Relativity has proven once again to be a suc-
cessful theory of gravity with the recent first observa-
tion of a black hole shadow [1], and the detections of
gravitational waves [2, 3]. Despite this, some open is-
sues, e.g. dark energy, dark matter, and the hierarchy
problem, leave space for the rise of alternative models
of gravity. A set of these alternatives initially addressed
to solve the hierarchy problem includes the brane-world
models which state gravitons and other unknown fields
propagate in the bulk spacetime with more than four di-
mensions, while Standard-Model particles are confined
to our four-dimensional usually observed universe, the
brane [4–6]. One of the most interesting consequences
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of such models is the possible creation of microscopic
black holes in particle collisions with center-of-mass
energy higher than the reduced Planck scale, which can
be of only a few TeVs [7, 8].
The possibility of black holes being created on parti-
cle collisions shows that these objects are not only im-
portant in the astrophysical level, but may be the key
to identify the effects of extra dimensions in our four-
dimensional world even in lab based experiments. In
such panorama, part of the problem then reduces to de-
scribing black holes in brane-world models as well as
studying their physical properties, specially their evap-
oration spectra via Hawking radiation [9] which should
provide the evidences that physicists have been seek-
ing for. This has motivated the determination of the
evaporation rate of extra-dimensional black holes on the
brane [10–19], as well as their greybody factors [20–23]
and physical quantities related to them, as the absorp-
tion [24, 25] and scattering [26–28] cross sections.
One of the solutions found in the Randall-Sundrum
scenario [6, 29] can be put in the form of the Reissner-
Nordström metric, but with Q2, which is associ-
ated with the squared electric charge in the Reissner-
Nordström solution [30], describing now a manifesta-
tion of the fifth-dimension influence on the brane [31].
However, in the context of the Randall-Sundrum mod-
els, Q2 can assume negative values and, as argued in
Ref. [31], this actually represents the most natural case.
In conformity, recent researches based on the analysis
of the shadow of the galaxy M87 core have concluded
that if a positive tidal charge exists, it should be very
small [32, 33].
The negative tidal charge strengths the gravitational
interaction so that static black holes endowed with
it have a bigger event horizon when compared with
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Schwarzschild black holes. As consequences, they also
present bigger absorption cross sections [34, 27, 28],
photon spheres [35], and shadows [36]. It has also been
shown that such black holes are stable against bosonic
oscillations [37, 34], which present smaller frequencies
and higher damping rates for black holes with more
negative tidal charges [34].
Similarly to what happens in the static case, the met-
ric of (electrically neutral) rotating black holes with
tidal charge has the same form of electrically charged
rotating black holes of General Relativity with Q2 pos-
sibly assuming negative values [38]. In such cases, one
of the most interesting consequences is that the black
holes are allowed to spin faster than extreme Kerr black
holes. We have shown in Ref. [39] that this has im-
portant effects on superradiance, making near-extreme
rotating black holes with negative tidal charges super-
radiate more than Kerr black holes. The correspond-
ing analysis considering the Penrose process had pre-
viously led to the same conclusion [40]. Superra-
diance of massless scalar waves can also be crucially
modified around rotating black holes with negative tidal
charges, once maximum amplification can be retrieved
from m > 1, where m is the azimuthal quantum number,
while in the case of Kerr black holes the same scattering
presents maximum amplification for m = 1 [41].
Since their appearance, rotating black holes with tidal
charge have been subject of many studies. Apart from
the previously cited works in this context, which evolve
superradiance, the Penrose process, and the constrain-
ing of the tidal charge via the shadow of the galaxy
M87 core, other works concerning this system ad-
dress to the determination of ISCOs [38, 42, 43], shad-
ows [44, 36, 35, 45], light deflections and frame drag-
ging [46], and orbital resonances [47].
In the present work we address to the problem of the
absorption cross section of massless scalar waves im-
pinging upon rotating black holes with negative tidal
charges from different directions relative to the axis of
rotation. For this, we apply the partial-wave method and
solve the massless Klein-Gordon equation numerically.
We also make use of the geodesic analysis to determine
the capture cross sections and shadows cast by the black
hole, and show that even though black holes with differ-
ent configurations can present the same shadow, their
absorption cross sections differ. The capture cross sec-
tion together with the low-frequency absorption cross
section of axially symmetric black holes determined by
Higuchi [48] help us to verify the consistency of our
numerical results.
This work is based on the follow structure: In Sec 2
we describe the propagation of the massless scalar
waves around rotating black holes with tidal charge.
The forms of the absorption cross sections, including
the one obtained from the partial-wave method, low-
and high-frequency analysis are presented in Sec. 3.
Our main results obtained via the partial-wave method
are presented in Sec. 4, as well as their comparisons
with the approximations described in the previous sec-
tion. In Sec. 5 we conclude with our final remarks. Here
we use c = G = ~ = 1.
2 Wave-propagation description
2.1 The black hole
Rotating black holes with tidal charge appeared first in
Ref. [38]. There we can find a complete analysis of
their spacetime structure. Here we restrict ourselves
to review succinctly the main properties of these sys-
tems. In Boyer-Lindquist coordinates, such black holes
are described by:
ds2 =
(
1 − 2Mr − b
ρ2
)
dt2 + 2a
2Mr − b
ρ2
sin2 θ dtdφ
−ρ
2
∆
dr2 − ρ2dθ2
−
(
r2 + a2 +
2Mr − b
ρ2
a2 sin2 θ
)
sin2 θ dφ2,(1)
where
∆ = r2 − 2Mr + a2 + b,
ρ2 = r2 + a2 cos2 θ,
M is the black holes mass, a is its angular momentum
per unit mass, and b ≡ qM2 is the tidal charge. If q > 0,
then the metric above coincides with the Kerr-Newman
metric [49], but in the Randall-Sundrum brane-world
scenario q is expected to be negative [31].
The event horizon of a rotating black hole with tidal
charge is located at:
r+ = M +
√
M2 − a2 − b, (2)
and the ergoregion at:
rergo(θ) = M +
√
M2 − a2 cos2 θ − b. (3)
The maximum angular momentum per unit mass that
rotating black holes with tidal charge can acquire is de-
termined by ac/M =
√
1 − q. Since q < 0, this means
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that these black holes can spin faster than Kerr black
holes of same mass. As a consequence, a negative tidal
charge can make a rotating black hole to get more ener-
getic in which concerns to the Penrose process [40] and
superradiance [39]. The speed at the event horizon is:
ΩH ≡ a
r2+ + a2
. (4)
2.2 Massless scalar waves
Here we consider a monochromatic massless scalar
plane wave being scattered by the black holes described
by Eq. (1). Such waves are governed by the equation:
1√−g∂µ
(√−ggµν∂νΦ) = 0. (5)
The separability of this equation can be done if
Φ =
Rωlm(r)√
r2 + a2
S ωlm(θ)ei(mφ−ωt).
From this we obtain the following radial equation:
d2
dr2∗
Rωlm +
[
ω2 − Vωlm(r)
]
Rωlm = 0, (6)
where
d
dr∗
=
∆
r2 + a2
d
dr
defines the tortoise coordinate r∗ and
Vωlm = − 1(r2 + a2)2
[
m2a2 − ∆(λlm + ω2a2)
+2maω(b − 2Mr)] + ∆∆ + 2r(r − M)
(r2 + a2)3
− 3r
2∆2
(r2 + a2)4
. (7)
Here, λlm are the eigenvalues of the oblate spheroidal
harmonics S ωlm [50] which obey the equation:
d
dx
(
(1 − x2)dS ωlm
dx
)
+
[
(aω)2x2 − m
2
1 − x2 + λlm
]
S ωlm = 0,
(8)
with x = cos θ. We adopt the normalization of the
spheroidal harmonics as [51]:
2pi
∫
|S ωlm(θ)|2 sin θ dθ = 1. (9)
The radial equation possesses approximated forms
near the event horizon and far from the black hole. For
r & r+, we have:
Rωlm ∼ Atr exp [−i(ω − mΩH)r∗] , (10)
and for r  r+,
Rωlm ≈
√
piωr∗
2
[
(−i)ν+1/2AincH(2)ν (ωr∗)+
iν+1/2ArefH(1)ν (ωr∗)
]
, (11)
where H(1),(2)ν are the Hankel functions [50] with ν =√
a2ω2 + λlm + 1/4. Here, Atr, Ainc, Aref are the trans-
mitted, incident, and reflected amplitudes, respectively.
Considering the asymptotic forms of the Hankel func-
tions, we can show that for r → ∞:
Rωlm ∼ Aince−iωr∗ + Arefeiωr∗ . (12)
Greybody factors determine the amount of absorbed
radiation. They are define as:
γlm =
(
1 − mΩH
ω
) |Atr|2
|Ainc|2 = 1 −
|Aref|2
|Ainc|2 . (13)
As a remark, in the cases ω < mΩH , the reflection coef-
ficient |Aref/Ainc|2 is higher than unity as a result of the
fact that such partial wave carries out more energy than
it had before the scattering; this is superradiance [41].
3 Massless absorption
The total absorption cross section for a monochromatic
massless scalar plane wave initially propagating at the
direction γ with relation to the black hole axis of rota-
tion is given by [52]:
σ =
∞∑
l=0
l∑
m=−l
σlm, (14)
where σlm are the partial absorption cross sections de-
fined as:
σlm =
4pi2
ω2
|S ωlm(γ)|2γlm. (15)
The determination of the absorption cross section of
black holes with tidal charge in the full-frequency do-
main requires numerical evaluation of the radial equa-
tion (6), and of the oblate spheroidal harmonics, which
obey Eq. (8). However, analytical approximations are
useful to verify the consistency of the numeric ap-
proach, but are restricted to low- or high-frequency
regimes. We briefly describe these approximations be-
low.
3
3.1 Low-frequency analysis
We have shown in Ref. [39] that it is possible to ob-
tain a low-frequency approximation for the greybody
factors if we consider a low-frequency solution for the
radial equation (6). Unfortunately, such solution is only
valid for ma , 0 and consequently it cannot be used
to describe the low-frequency approximation of the ab-
sorption cross section, despite the fact it can be suc-
cessfully applied to obtain approximated amplification
factors describing superradiant scattering. This happens
because the main contribution to the low-frequency ab-
sorption cross section for massless scalar plane waves
comes from the l = 0 mode.
Nevertheless, it is possible to circumvent this diffi-
culty once stationary black holes obey the universality
of the absorption cross section of massless scalar waves
obtained by Higuchi [48]. This universality states that
the low-frequency absorption cross sections in such
cases equal the black hole area. Therefore, in the limit
ω→ 0,
σ→ A, (16)
whereA is the black hole area:
A ≡ 4pi(2Mr+ − b). (17)
3.2 High-frequency analysis
At very high frequencies, the absorption cross section
tends to its classical limit, which is the capture cross
section of geodesics. The area of the capture cross sec-
tion coincides with the area of the shadow as measured
in celestial coordinates by an observer at infinity.
The key equations to determine the shadows of rotat-
ing black holes described by (1) are [46]:
ρ2r˙ =
√R, (18)
and
ρ2θ˙ =
√
Θ, (19)
where the dot expresses differentiation with respect to
an affine parameter,
R = [(r2 + a2)E − aLz]2 − ∆[K + (Lz − aE)2], (20)
and
Θ = K + (a2E2 − L2z csc2 θ) cos2 θ, (21)
with E, Lz being constants of motion andK a separation
constant. These constants are related to the celestial co-
ordinates α and β as [36]:
α = −ξ csc γ, (22)
and
β = ±(η + a2 cos2 γ − ξ2 cot2 γ)1/2, (23)
where ξ ≡ Lz/E, η ≡ K/E2, and γ defines the angular
position of the observer at infinity.
The shadow cast by the black holes is delimited by
the critical rays, which are the frontier between cap-
tured and scattered rays. These critical rays are de-
scribed by ηcrit(ξ) determined by the equations [53]:
R = 0, ∂R
∂r
= 0. (24)
The condition Θ ≥ 0 defines the adequate interval
of ξ for the curve ηcrit(ξ) which represents the critical
geodesics suitable to deline the shadow depending on
the value of γ.
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Figure 1: Shadows cast by near-extreme rotating
black holes (a = 0.99 ac) with tidal charges q =
0,−0.5,−1.0,−1.5 as seen by an observer at infinity and
γ = 0 (top-left), γ = 30 deg (top-right), γ = 60 deg
(bottom-left), and γ = 90 deg (bottom-right).
Shadows cast by near-extreme rotating black
holes with a = 0.99 ac and tidal charges q =
0,−0.5,−1.0,−1.5 are presented in Fig. 1. We see that
the effect of the negative tidal charge is to increase the
size of the shadow, while its shape does not seem to
change significantly if the black hole rotation is kept
4
near its extreme value (see Refs. [33, 36, 44] for shad-
ows of rotating black holes with tidal charges consider-
ing further configurations).
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Figure 2: Capture cross section of near-extreme rotat-
ing black holes with tidal charge for massless particles
varying with the angle of incidence. We consider the
cases q = 0,−0.5,−1.0,−1.5.
The capture cross sections, σgeo, of near-extreme
black holes with tidal charges q = 0,−0.5,−1.0,−1.5
varying with γ, which in this case plays the role of in-
cidence direction, are presented in Fig. 2. It becomes
clearer that the increase of γ is not only followed by a
change at the form of the capture cross section/shadow,
but also by an increase of its area.
4 Results
Our main results are obtained numerically. This re-
sumes to obtaining the oblate spheroidal harmonics and
their eigenvalues numerically [54]. We also solve the
radial equation (6) numerically with boundary condi-
tion given by (10), and then mach the solutions with
the asymptotic forms in terms of the Hankel func-
tions (11). The sum of the total absorption cross sec-
tion can be truncated at lmax, which depends on the de-
sired frequency interval, q, a, and γ. Here, for example,
for maximum frequency Mωmax = 1.5, γ = 90 deg,
a = 0.99 ac, q = 0,−0.5,−1.0,−1.5, we have chosen
lmax = 10, 11, 12, 13 respectively. This choice guaran-
tees that the contributions of the neglected partial ab-
sorption cross sections are less than 0.1% to the total
absorption cross section at Mωmax, and even smaller for
ω < ωmax. If smaller values of q, a, γ are chosen, than
lmax may be reduced.
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Figure 3: Partial scalar absorption cross section for l =
0 in units of the black hole area. Left: the cases q =
0,−0.5,−1.0,−1.5 with γ = 0. Right: the case q = −0.5
for directions of incidence γ = 0, 30 deg, 60 deg, 90
deg.
Let us start by showing the partial absorption cross
section of rotating black holes with tidal charge in units
of their area for the mode l = 0 in Fig. 3. The results
are compared for the cases q = 0,−0.5,−1.0,−1.5 with
axial incidence, and for q = −0.5 with incidences along
γ = 0, 30 deg, 60 deg, 90 deg. This shows that rotating
black holes with tidal charge obey the universality of
the low-frequency absorption cross section for massless
scalar waves once σ/A → 1 in the regime Mω→ 0 in-
dependently of the incidence direction. Therefore, our
results are consistent with the low-frequency approxi-
mation [48]. Right panel of Fig. 3 also shows that the
absorption of the partial wave l = 0 is only slightly af-
fected by changes at the plane wave incidence direction.
In Fig. 4 we present the partial absorption cross sec-
tions for the cases l = 1, m = −1, 0, 1 and q =
0,−0.5,−1.0,−1.5. For the case m = 0 we consider
incidences along γ = 0, 45 deg, and for m = ±1 we
consider γ = 45 deg, 90 deg1. The presence of the
negative tidal charge contributes to the enhancement of
partial absorption independently of the values of l,m, as
well as the value of γ. However, the change at the inci-
dence direction has different effects on different modes.
Particularly in the cases presented in Fig. 4, with the in-
creasing of γ, σ10 decreases while σ1±1 increase. We
also call attention for the fact that co-rotating modes
1Partial absorption cross sections for odd values of l + m vanish if
γ = 90 deg, while for γ = 0 the only non-vanishing contribution to
the absorption cross sections comes from m = 0.
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Figure 4: Partial scalar absorption cross section of near-extreme black holes with q = 0,−0.5,−1.0,−1.5 for l = 1.
Left: m = 0 for γ = 0 (top), γ = 45 deg (bottom); Center: m = −1 for γ = 45 deg (top), γ = 90 deg (bottom);
Right: m = 1 for γ = 45 deg (top), γ = 90 deg (bottom).
(m > 0) are less absorbed than their counter-rotating
correspondents (m < 0).
We see in Fig. 4 that the partial absorption cross sec-
tion for l = m = 1 presents negative values for spe-
cific intervals of Mω. This happens because of super-
radiance, as expected from Eqs. (13) and (15), once
|Aref/Ainc|2 > 1 in such cases. Figure 5 shows a zoom in
the superradiant regime of the partial absorption cross
section for the cases l = m = 1, 2 considering near-
extreme black holes with q = −0.5,−1.0,−1.5,−2.0 for
equatorial incidences, and with q = −0.5 for incidences
along γ = 30 deg, 45 deg, 60 deg, 90 deg. The in-
crease of the partial absorption cross sections due to
the increase of −q observed in Fig. 4 also contributes
to the negative absorption enhancement in the super-
radiant regime. The negative partial absorption cross
section also enhances when the angle of incidence in-
creases towards 90 deg.
In Ref. [39] we have shown that maximum amplifi-
cation factor for black holes with q = −2.0 happens
for l = m = 2 instead of l = m = 1, which is the
case of Kerr black holes, considering the scattering of
massless scalar waves. Figure 5 shows that this can-
not be inferred from the partial absorption cross section
once maximum absorption in the superradiant regime
gets highly suppressed as we go from l = m = 1 to
l = m = 2. This is due to the presence of the term
1/ω2 in the partial absorption cross section (15) com-
bined with the fact that maximum amplification of each
mode happens for higher frequencies as higher is the
value of m.
Figure 6 shows the total absorption cross sections
of rotating black holes with a = 0.99M and q =
0,−0.5,−1.0,−1.5 for γ = 0, 90 deg compared with
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Figure 5: Zoom in the superradiant regime of the partial
absorption cross sections for the cases l = m = 1, 2. On
the top panel we compare the cases in which γ = 90
deg for near-extreme black holes with tidal charges q =
−0.5,−1.0,−1.5,−2.0. On the bottom panel we present
the case with tidal charge q = −0.5 but for different
incidence directions, namely γ = 30 deg, 45 deg, 60
deg, 90 deg.
the respective capture cross sections (straight lines). In
all cases, the absorption cross section tends to oscil-
late around its high-frequency corresponding value as
Mω increases. This shows that our numeric results
are consistent with the geodesic analysis of the capture
cross sections/shadows. The variations of the absorp-
tion cross sections around their corresponding capture
cross section values tend to be less regular as γ goes
from 0 to 90 deg. Such irregularity is partially due to the
fact that co- and counter-rotating modes are absorbed
differently, as observed in the study of the scalar ab-
sorption by Kerr black holes in Ref. [51]. Despite this
lack of regularity, the absorption cross section for the
case γ = 90 deg seems to converge more rapidly to the
value of the corresponding capture cross section.
Comparisons of the scalar absorption cross sections
of black holes with tidal charge q = −0.5 and different
angular momenta, including the static case which has
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Figure 6: Total absorption cross section for massless
scalar waves scattered by rotating black holes with a =
0.99M and tidal charges q = 0,−0.5,−1.0,−1.5. The
angles of incidence are γ = 0 (top) and γ = 90 deg (bot-
tom). The straight lines represent the respective values
of the capture cross sections for null geodesics.
been studied numerically in Ref. [27], and incidence di-
rections γ = 0, 30 deg, 60 deg, 90 deg is presented in
Fig. 7. We see that rotation does not affect the absorp-
tion spectrum profile for axial incidence (γ = 0), but its
increase contributes to the the decrease of the absorp-
tion in average. When we consider off-axis incidence,
both average and profile of the absorption cross section
are modified by the increase of a, remarking the fact
that absorption does not vary with γ in the static case.
In Fig. 8 we show the total absorption cross section of
near-extreme rotating black holes (a = 0.99 ac) with q =
0,−0.5,−1.0,−1.5 for massless scalar waves impinging
upon the black hole from γ = 0, 30 deg, 60 deg, 90 deg.
Similarly to what happens with the capture cross sec-
tion, the increase of the negative tidal charge intensity
results in an increase of the total absorption cross sec-
tion for all frequencies. The absorption spectra presents
an interesting similarity for near-extreme black holes
with different tidal charges if we consider the same an-
gle of incidence. The parameters chosen for the black
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Figure 7: Total scalar absorption cross section of black holes with tidal charge q = −0.5 for incidence directions
γ = 0 (top-left), γ = 30 deg (top-right), γ = 60 deg (bottom-left), γ = 90 deg (bottom-right) considering
a = 0, 0.5M, 0.99M, and a = 1.21M (a ≈ 0.99 ac).
holes and incidence directions in Fig. 8 are the same
of the ones for the shadows shown Fig. 1. Comparing
both figures we conclude that there is a relation between
the shadow circularity and the regularity of oscillation
which the absorption cross section presents.
The increases of −q and a/M have opposite effects at
the average value of the absorption cross section; while
the increase of −q with a/M fixed is followed by an in-
crease of the average value of the absorption cross sec-
tion (cf. Fig. 6), the increase of a/M when the value of
q is unaltered results in a decrease of the average value
of the absorption cross section (cf. Fig. 7). This indi-
cates the possibility of black holes with different config-
urations having capture cross sections of same size. If
this is the case, it is interesting to analyze if the absorp-
tion cross section presents the same similarity. Figure 9
shows an example of shadows of same size for black
holes with different configurations. For γ = 0, we have
chosen the cases q = 0,−0.5 with a/M = 0.26, 1.21,
respectively, while for γ = 90 deg, q = 0,−0.2 with
a/M = 0.5, 1.045, respectively. For γ = 0, the black
holes cannot be distinguished by the size or shape of
their shadow, while for γ = 90 deg, although both shad-
ows have the same area, their shape is evidently distinct.
The absorption cross sections for the same sets (q, a, γ)
are presented in Fig. 10. For γ = 0, despite very similar,
the absorption cross sections are different, mainly for
small frequencies; black holes with tidal charge present
absorption cross sections with higher oscillations and
out of phase if compared with the absorption cross sec-
tion of Kerr black holes. For γ = 90 deg, similarly
to what happens with the shadows, the difference be-
tween the absorption cross sections becomes more ev-
ident than the difference observed for axial incidence.
The black hole with less circular shadow presents also
the absorption cross section with less regular oscillatory
behavior, as we have observed previously.
5 Final remarks
We have presented the analysis of the absorption cross
section of rotating black holes with negative tidal
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Figure 8: Total absorption cross sections of rotating black holes with tidal charges for massless scalar waves.
Here we consider near-extreme black holes (a = 0.99 ac) with q = 0,−0.5,−1.0,−1.5 and four different angles of
incidence: γ = 0 (top-left), γ = 30 deg (top-right), γ = 60 deg (bottom-left), and γ = 90 deg (bottom-right).
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Figure 9: Examples of equal-size shadows for black
holes with different configurations. Left: shadows as
seen by a very distant observer at γ = 0 considering
Kerr black holes with a = 0.26M, and near-extreme ro-
tating black holes with tidal charge q = −0.5. Right:
shadows of Kerr black holes with a = 0.5M, and rotat-
ing black holes with tidal charge q = −0.2, a = 1.045M
as seen by a very distant observer at the equatorial
plane.
charges by considering the scattering of monochromatic
plane massless scalar waves. Although we have focused
our analysis in the cases of near-extreme black holes
(a = 0.99ac) with specific values of tidal charge for
selected directions of incidence, it can be directly gen-
eralized to any other allowed values of a, q, and γ. In
most of our analysis, we have compared the absorption
cross sections of rotating black holes with tidal charges
with the Kerr case which has been extensively analyzed
in Ref. [51].
The influence of the tidal charge is observed specif-
ically in the average size of the absorption cross sec-
tion, which increases if the negative tidal charge inten-
sity increases considering black holes with fixed values
of a/M (Fig. 6), or near-extreme black holes (Fig. 8).
The absorption spectrum for off-axis incidence of near-
extreme black holes with different tidal charges can be
surprisingly similar in shape, although with different
sizes (Fig. 8), showing that the form of the absorption
spectrum is strongly related to the value of a/ac.
The fact that the increase of the negative tidal charge
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Figure 10: Absorption cross sections for black holes
which posses capture cross sections of same size. Top:
the case of rotating black holes with tidal charges q =
0,−0.5 and a/M = 0.26, 1.21, respectively, consid-
ering axial incidence. Bottom: The case of rotating
black holes with tidal charges q = 0,−0.2 and a/M =
0.5, 1.045, respectively, considering an incidence along
γ = 90 deg.
intensity results in an increase of the absorption cross
section for near-extreme black holes has also been noted
in the partial absorption. This also applies to nega-
tive absorption due to superradiance. However, differ-
ently from the amplification factors, of which maximum
value can increase with the increase of l = m for rotating
black holes with tidal charges −q & 2 [39], the partial
absorption cross section gets highly suppressed in this
sense. This reveals the contrast between the geomet-
ric characteristic of the absorption cross section and the
fact that greybody/amplification factors measure rates.
There is a relation between the circularity of the
shadow and the regularity of the absorption cross sec-
tion oscillations around the respective high-frequency
limit, which is the value of the capture cross section.
As the shadow loses circularity, the corresponding ab-
sorption cross section becomes more irregular (Figs. 9
and 10). For an observer at γ = 0, the shadows cast by
rotating black holes with tidal charges will be circular,
what indicates the possibility that different black holes
may present identical shadows. Even in such cases,
the absorption cross section will present differently for
black holes with different configurations mainly for
small frequencies.
Results were compared with the low-frequency ap-
proximation [48] (Fig. 3), and with the respective cap-
ture cross sections area (Fig. 6) resulting in good agree-
ments. We have used this agreement, together with con-
vergence tests, to check the consistency of our numeric
evaluations.
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